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Large numbers of ailing chickens are sent each year by 
producers to conlercial and animal health laboratories for 
diagnosis. Upon post-mortem examination those fowls frequent- 
ly show only moderate worm infections. 
Heavy infections of the fowl nematode Ascaridia gaul 
(Schrank) have been shown by Ackert and Herrick (1021 to pro- 
duce in growing chickens such symptoms as sluggishness, loss of 
appetite, ruffled feathers, drooping wings, loss of blood and 
body weight, retarded muscle and bone development, and increased 
mortality. Other effects of large infections may be reduction 
in blood sugar level (Ackert and Titus, 1924) and shrunken 
thymus glands (Ackert, 1930), 
On the other hand, Ackert and Visseman (1946) have ob- 
tained results which indicate that growing chickens may tol- 
erate moderate infection s of ascarids and tapeworms if the fowls 
are under proper management and on a completely adequate diet. 
This raised the question of the importance of moderate 
infections of fowl nematodes. It seemed logical that even 
moderate infections might have some intrinsic effect on chick- 
ens. It was to test this hypothesis that the present study was 
undertaken; namely, to ascertain whether a moderate infection 
of Asearidia gaul would predispose chickens to the effects of 
a bacterial toxin. 
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REVIEW OF LITERATURE 
Ackert and Herrick (1923) pointed out that most severe 
symptoms of heavy parasitism with the fowl ascarid are seen 
during the first three weeks of parasitism. Causes of these 
symptoms may be intestinal injury, loss of blood, and bacterial 
infection or absorption of waste products excreted by the 
worms. Baker, Conklin, et al. (1929) and Cram (1930) observed 
similar symptoms in heavy ascarid infections.. 
More obscure symptoms are reduction in the size of the 
thymus gland (Ackert, 1930) ans.', reduction in the sugar content 
of the blood (Ackert and Titus, 1924). Nematodes may also 
make possible other infections in poultry such as bacterial 
invasion of the intestine (Gras), 1230), but experimental proof 
of such invasion appears to be lacking. 
It has been pointed out that growing birds given an ade- 
quate balanced ration, apparently can tolerate moderate numbers 
of ascerids with no outward manifestations. In controlled 
experiments comparisons of parasitized and nonparasitized birds 
showed no significant difference in body weight, percent of 
hemoglobin, or blood sugar levels (Ackert and Wisseman, 1946). 
It has been shown* however, that there is a definite drop in 
the growth curve of chicken weights 10 to 14 days after feeding 
chickens moderate numbers of worm eggs (Riedel, 1946). 
Botulism in chickens has been known in the United States 
since 1917 when it was first considered as a possible cause of 
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"limberneck" by Dickson (1917) who ascribed to it symptoms 
of sluggishness and weakness. Wilkins and Dutcher (1920) 
concluded that the term "limberneck" is a symptom rather than 
a disease. The principal clinical symptoms as reported by 
Hart (1920) are ruffled feathers, paralysis, inability to walk, 
wings resting on the ground, eyes dull, refusal to eat, coma, 
and death. It was soon found that Botulinus toxin (Type A) 
caused the same symptoms in chickens as those caused by 
Type C (Graham and Schwarze, 1921), 
MATERIALS AND METHODS 
Day old Single-Comb White Leghorn chicks were obtained 
from a canlercial hatchery in Wichita, Kansas. They were 
placed in an electrically heated brooder and kept constantly 
over tire cloth for one month. An adequate ration, as ere- 
scribed by poultrymen, and clean water were kept before them 
constantly except at times of handling, when they were re- 
moved for only a few minutes. 
At four weeks of age the chicks were weighed, banded with 
consecutively numbered wing bands and divided into three main 
groups. After all weights had been recorded, the birds that 
were exceedingly heavy or very light were culled out. A rep- 
resentative weljlt was arbitrarily taken and if three birds of 
this weight were found, each was place,', in a separate group (I, 
II, or III). When three birds of e.:-ctly the same weight could 
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not be found, approximate equals were used, and in the next 
selection differences were equalized within the croup. 
Group I consisted of parasitized and injected chickens, 
Group 11 of injected chickens not parasitized, and Group III of 
control chickens neither parasitized nor injected. 
The parasite egs were obtained from worms (Ascaridia 
LE111) taken from recently killed chickens at a commercial 
poultry plant. The worms were washed in tap water and then 
poured into a bowl of distilled water. Mature female worms 
were taken singly from the bowl, put into a clean Petri dish, 
and opened by having the anterior end of the worm excised with 
a scalpel. The contents of tie worm were expressed by holding 
the posterior end of the worm with forceps and applying pressure 
with a spatula from the posterior end progressively forward, 
after which the ovaries and intestine were teased away from the 
uteri containinr the es. The uteri were then washed in dis- 
tilled water and placed in a sterile covered Petri dish. The 
eggs were examined under a microscope a d only uteri containing 
fertilized eggs were saved. V:hen four or five pairs of uteri 
had been separated and placed in the Petri dish, they :ere 
mashed with the spatula and the eggs evenly distributed in the 
dish. The date, number of uteri contained, and the worker's 
initials were put on the outside of each dish. The eggs were 
allowed to dry five minutes before distilled water was added 
slowly at the edge of the culture until it was about 6.0 rem deep 
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in the dish. About ten drops of two percent formalin solution 
were then added and mixed with the water. The culture was 
placed in an incubator and held at 30° C. until used; the water 
and formalin solution was changed approximately every other day. 
The birds in Group I were parasitized by the drop method 
of Riedel (1946) as soon as separated and placed together in 
one battery unit. The eggs of the cultures were removed by 
scraping the bottom of the Petri dishes with the edge of a 
spatula and washing the free eggs out with as small an amount 
of distilled water as possible, placing the eggs in a glass 
dropper bottle, A few grams of clean fine sand were added to 
the bottle and the mixture shaken well to separate the eggs and 
disperse them in the water. Drops of the egg suspension were 
put on several slides singly and the embryonated eggs in each 
were counted. By determining the mean number of infective 
eggs in each drop the dosage of worms to a bird could be reg- 
ulated by the number of drops given. The chicks in Group I were 
taken singly and held by placing the birds' feet under the 
worker's left arm. The chick, on its back, was held by the head 
with the left forefinger in one commissure of the beak and the 
left thumb in the other. Two drops containing approximately 
150 embryonated eggs each were then put into the opened mouth, 
care being, taken to mix the suspension just before dosing. 
Botulinus toxin (Type A) was selected because it is not in- 
fective, is easily obtained, and is standardized. One milligram 
of the dried toxin, obtained from the National Institute of 
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Health in Washington, D. C., was weighed on an analytical bal. 
ance. This was rut into 10 cc of sterile saline solution and 
thoroughly dissolved; 1.0 cc of this solution was added to each 
9.0 cc of sterile saline used and this was thoroughly mixed. 
On the 14th day after parasitizing Group I, the chickens in 
Groups I and 11 were injected intraperitoneally with this toxin 
solution, at the rate of 0.0002 mg/Kg of body weight in Experi- 
ment 1 and 0.0001 mg/Kg in Experiment 2. To inject the toxin, 
the bird was held by placing its head under the worker's left 
arm and with the left hand graspinc the skin just behind the 
sternum. The skin was disinfected with 70 percent isopropyl 
alcohol and then held taut so that the needle could be inserted 
into the peritoneal cavity. 
Periodic observations were made from the tine of injection 
until the termination of the experiment, Record of the number 
of chickens that were weak, unable to rise, or dead was taken 
at each observation. In Experiment 1 onl, the number of birds 
was recorded, but in Experiment 2 the wing band number of each 
ailing bird was also recorded. 
The worms were recovered from the dead birds or at t'e 
end of the experiment by flushing the intestines with warm 
water under pressure (method of Ackert and Holt', 1929). All 
injected chickens developed diarrhea, and those that died during 





The dose of toxin used in this experiment for Group I and 
Group II was 0.0002 mg/K; of chicken body weight. The incuba- 
tion period of the toxin was 11 hours, which is shorter than 
that given by Hart (1920). Group III (controls) was not para- 
sitized and not injected. 
The first symptem seen was a decrease in irritability, 
which was evident as early as four hours after injection. By 
the 11th hour, 12 Group I birds were noticeably weak, 11 of 
them bein,_, unable to rise; only three Group II birds were weak 
but none of them was unable to rise. Twelve hours later 17 in 
Croup I were weak, but none in Group II (Table 2). 
Twenty-five hours after injection 14 chickens in Group I 
were unable to rise, as compared with six in Group II. The 
first death was in Group I, occurrini at 30 hours after in.. 
ject:ton. There were 14 birds in Group I still unable to rise 
and eight in Group II. Two more Group I birds died at 48 hours 
with the first Group II death occurring at this time. The num- 
ber of birds in Groups I and II unable to rise at this time was 
11 and seven, respectively. 
At 30 hours, seven Group I chickens were down and one 
died, while nine were down in Group II and none died. By the 
54th hour there had been five deaths in Group I with 12 of the 
8 
remaining birds unable to rise; in Group II there had been two 
deaths with 13 of th) remaining ones unable to rise. 
By the 72nd hour after injection seven more Group 
chickens died bringing the total dead to 13. Group II had by 
this time had only four deaths. From the 72nd hour until the 
termination of the experiment, a few birds in each of Groups I 
and II died internittently. The later deaths were probably due 
to secondary causes that originated from the toxin but were not 
directly due to it. The number of deaths In Group II came 
within one of equaling the number in Group I by the time the 
experiment was terminated. 
The average number of worms pr chicken In Group I (para- 
sitized a Ad injected) was 2.840 wIth the highest being 12 in 
two birds; 10 of the chickens were without worms. Group II was 
free from worms. The small number of worms recovered may have 
been due to the diarrhea which the toxin produced. 
Lxamination of the weights of the chickens as shown in 
Table 1 showed wide variations and an indication of an uncon- 
trolled factor in Group III (unparasitized and uninjected) 
during the course of the experiment. At the second and third 
veighines their gains were notably less than those of the in- 
jected chickens. At the close of Experiment 1 the differences 
of average %soiLlIts of Group I, II, and III were within the range 
of experimental error. 
The results of this experiment in which 0.0002 mg/Kg of 
body weight of Botulinus toxin (Type A) was injected into two 
Table 
injection, 
Comparative data of Experiment 1, including: chicken numbers, weekly weights, amount of 
d number of.worms recovered. (Parasitized November 20* 1945; injected December 4* 1945; and 
Group Group 
Botulinus toxin solution injected, hours lived after 
experiment terminated December 11# 1945,) 
Weight (gm) :Hours 
:Toxin :lived :No. of: 
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276 400 522 




305 430 526 
293 416 548 
251 
284 440 542 
329 484 588 
310 432 541 
278 412 540 
282 366 500 
244 340 546 
325 470 618 
196 284 385 
263 367 450 
270 389 474 
256 368 431 
296 392 484 



















Table 2. Comparative records of occurrence of symptoms of botulism in tLo 
groups of chickens in Experiment 1 including hours after injection, and number 
of chickens weak, unable to rise, or dead. 
Group I Group II Group III 
Hours :Inabil-: 
after :ity to : :Ity to : :ity to : 






25 14 6 
30 14 1 8 
48 11 2 7 1 
50 7 1 9 
52 14 14 1 
54 12 2 13 
57 1 









groups of chickens showed that the parasitized group manifested 
symptoms first and had a higher mortality during the early 
part of the experiment than did the unparasitized chickens. 
Group III (unparasitized and uninjected) showed no symptoms. 
Experiment 2 
In Uporiment 2 the dose of toxin was red4oed to 0.0001 
mg/Kg of fowl body weight. Ming band number* were taken of 
the chickens showing symptoms at each observation, but no 
other changes were made from the method in Experiment I. The 
incubation period conformed more to the typical period, being 
about 48 hours. 
The first symptom was seen at 43 hours after injection, 
in a Group I chicken. By the 47th hour this bird was unable 
to rise and in eight more hours was dead. Sixty-seven hours 
after injection there were four Group 1 Chickens unable to 
rises but none in Group II. Two Group /I birds were unabl,,,) to 
rise at 71 hours as compared with five in Group I (Table 4). 
Eight hours later the numbers of birds unable to rise 
were eight in Group I and three in Group U. Ten hours later, 
or 79 hours after injection, seven in Group I and the same 
three in Group II were unable to rise. By the 103rd hour all 
but one of the Group II birds were able to get up while seven 
of the Group I chickens could not rise. 
Gradually, five of the seven in Group I that had been down 
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recovered; the other two died 139 hours after injection. There 
were no deaths in Group XI (injected, unparasitized); and Group 
III (unparasitized and uninjected) showed no symptoms. 
The average number of worms recovered from the Group I 
chickens was 0.92 worms. This small number of worms as before 
was probably due to the diarrhea caused by the toxin. The 
three chickens that died ware found to have two, two, and zero 
worms, respectively. 
As in Experiment. 1, all groups had approximately the same 
average weight per chicken when parasitized. After the first 
week of parasitism (Table 3) Group X (parasitized and injected) 
averaged about 16 gm in weight less than Group II (unparasitized 
and injected) or Group lIZ (unparasitized and uninjected). This 
lowered average may have been due to the worms. 
In the second week after parasitism (time of injection). 
Groups I and II had approximately the same average weight per 
chicken and Group III averaged about 10 gm higher. At the ter- 
mination of the experiment the Group I chickens averaged 135 
gm less than Group II and 175 gm less than the chickens of Group 
III 
The results of this experiment in which 0,0001 mg/Kg of 
body weight of Botulinus toxin (Type A) was injected into two 
groups of chickens showed that the parasitized birds showed 
symptoms first, more of them became sick, and there was a defi- 
nite increase in mortality in comparison to the unparasitized 







data of L...xperiment 2, including: chicken numb 
vo recovered. (Parasitized February 20, 1943; injctosJ. 
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Table 4. Comparative records of occurrence of symptoms of botulism in the 
groups of chickens in Experiment 2 including hours after injection, and number 
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71 5 2 
79 S 3 
91 5 3 
99 7 3 
103 7 1 
115 4 
123 3 





The idea is commonly held amen,: health of animal workers 
that infections of parasites predispose animals to bacterial 
and other infections. Statements that helminths lower the 
resistance of animals to bacterial infections are made in most 
textbooks of veterinary parasitoloLT. In reviewinc the liter- 
ature of this subject no record of experimental evidence of 
nematodes lowering the host resistance to bacterial infection 
was found. 
Defense of the fowl body against bacterial infections 
(toxins) may be made difficult by the ascaridia larvae being 
partially buried between t' e intestinal villi from the 10th to 
the 17th day of parasitism (Ackert, 1923). Ackert and 1.sseman 
(1944) pointed out that while comparisons of averages were very 
similar, comparisons of individual parasitized chickens with 
their controls showed wide variations. They concluded that un- 
der conditions of :ood management and an adequate ration, 
chickens may tolerate moderate infections of Ascaridia gall 
without showing harmful effects. 
Experimental evidence is here presented, apparently for 
the first time, to show that moderate ascaril infections may 
lower the resistance of chickens to bacterial toxin. This 
lowered resistance was demonstrated in tle larger numbor of sick 
birds and the hi her mortality rate in the parasitized groups 
than in the injected unparasitized ones. 
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SUMMARY 
1. Two experiments were nerforeoc, on 153 chickens to 
ascertain whether moderate infections of the fowl nematode, 
Ascaridia galli (Schrank), would predispose chickens to bac- 
terial toxin. 
2. The chickens which were given an adequate ration were 
divided into three croups by weight when they were one month 
old: Group I, parasitized, and injected with a Botulinus toxin; 
Group II, unparasittzed, but injected; and Group III controls, 
unparasitized and uninjocted. 
3. Chickens were parasitized at one month of age b: -iving 
them approximately 300 embryonated eggs of A. alli, 
4. The dosage of Botulinus toxin (Type A) was 0.0002 mg/Kg 
of body weight of chicken in Experiment 1 and 0.0001 mg/Kg of 
fowl body weight in Experiment 2. 
5. Periodic observations were made from the time of in- 
jection until the experiments were terminated. 
G. Criteria for comparing the effects of the toxin rem: 
weakness, as manifested by reluctance of the fowl to rise; in- 
ability to rise; and death. 
7. horns were recovered by flushing the fowl intestines 
with warm water under pressure. 
n. Group I had significantly more ailing birds than roup 
II, and a higher mortality in the early pert of Experiment 1. 
In Experiment 2, Group I had significantly ncre ailing birds 
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than Group II, and three deaths as compared to none in Group 
II. Group III (unparasitized and uninjected) showed no toxic 
symptoms in either experiment. 
Experimental evidence is thus presented, apparently for 
the first time, which shows that moderate infections of the 
fowl nematode, A. gall, may predispose chickens to the effects 
of a bacterial toxin. 
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